Background and objectives: This clinical trial aimed to evaluate the effects of two different inhalation anesthetic agents on postoperative olfactory memory and olfactory function in patients who underwent micro laryngeal surgery.
Introduction
Olfactory dysfunction occurs in approximately 5% of the general population. [1, 2] It has been reported that patients with smelling disorders have also serious problems regarding safety, eating, and personal hygiene. [3] Olfactory disorders are frequently seen in the general population, and they have a negative effect on the patients' quality of life.
[4] The main causes of olfactory disorders are upper respiratory infections, systemic disorders, nasal disorders (e.g. sinusitis, nasal polyps), head trauma, neurodegenerative diseases, and medical drugs. [5] Olfactory memory is a crucial cerebral function in mammals. Its purposes include defense, reproduction, foraging, and infant-mother bonding. [6] Postoperative cognitive dysfunction is a clinically recognized phenomenon following surgery; it is related to problems in daily performance and improved morbidity and mortality. [7] General anesthesia causes a reversible decrease in short-term memory, which is quickly resolved following the cessation of anesthetic drug action. [8] Inhalational anesthetics are commonly used for all types of surgical procedures.
Anesthetic drugs have been blamed for postoperative olfactory dysfunction, but they have not been shown to cause hyposmia or anosmia. [1] There have been several scientific studies about the negative effects of anesthetic drugs on olfactory function in animals. [9] However, the effect of inhalational anesthetics on early postoperative olfactory functions has not been properly explored.
The aim of this study was to examine the effects of two different inhalational anesthetics on post-operative olfactory memory and olfactory function in patients who had undergone microlaryngeal surgery.
Methods
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This study was carried out at a tertiary hospital on 102 patients who had undergone microlaryngeal surgery with a voice disorder diagnosis. All study protocols and informed consent forms were approved and collected by the institutional review board. The data retrieved from the medical records included patient age, sex and presenting complaints.
Patients who had benign vocal lesions were accepted for the study. Exclusion criteria included nasal septal deviation, previous nasal surgery, tonsillectomy, nasal polyposis, preexisting sinus disease, nasal allergies, preexisting subjective olfactory disturbance such as intranasal drug abusers, systemic diseases such as diabetes mellitus, rheumatologic disorders, and oncological diseases. The patients who did not meet the inclusion criteria and/or declined to participate (n = 34) were excluded from this study. A randomization program generated a random allocation sequence. [10] Patients were divided into two groups. Four patients from Group 1 and four patients from Group 2 were lost during the follow-up. Group 1 (n = 30) received sevoflurane agent, and Group 2 (n = 30) received desflurane agent during the anesthesia. Assistant doctor who was blinded to the study enrolled the data of the participants.
The patients underwent microlaryngeal surgery for their voice disorders under general anesthesia. All patients had a complete ear nose and throat examination. The day before the operation, a flexible nasopharyngoscope and stroboscope were used to evaluate their vocal cord lesions and nasal pathologies. In addition, the patients who decided on surgery received a preoperative evaluation at the anesthesia clinic.
Anesthesia procedure
All patients underwent surgery under general anesthesia with endotracheal intubation. Patients without any premedication were taken into the operation room and demographic data was recorded. Standard electrocardiography, peripheral oxygen saturation, and non-invasive blood pressure monitoring were performed. After peripheral venous cannulation, anesthesia induction was achieved with 2 μg.kg -1 fentanyl, 2 mg.kg -1 propofol, and 0.6 mg.kg -1 rocuronium via endotracheal intubation, and intermittent positive pressure ventilation was initiated. The tidal volume was set to 8 mg.kg -1 , and the frequency was set to be end-tidal carbon dioxide 35±5 mmHg. Anesthesia was performed by giving sevoflurane to the first group and desflurane to the second group. The doses of inhaled anesthetic agents were adjusted to achieve 1 MAC end tidal reading of the agent (e.g. 2% for sevoflurane and 6% for desflurane). It was continued with a 40% O2/air mixture and 0.15-0.25 μg.kg -1 .min -1 remifentanil infusion. All cases were treated with paracetamol 10 mg.kg -1 and 1 mg.kg -1 tramadol hydrochloric acid intravenously for postoperative analgesia about 15 minutes before J o u r n a l P r e -p r o o f the end of the operation. Finally, a muscle relaxant effect was antagonized with 0.04 mg.kg -1 neostigmine and 0.02 mg.kg -1 atropine. Vasoconstrictor agents were not applied to the surgical area. Cases with adequate muscle strength were transported to the postoperative collection unit by the standard procedure, and the internship was done when the modified Aldrete score was 9 or greater. All the surgeries lasted between 40-60 minutes. There was no side effect and complication related to anesthetic agents on patients.
Olfactory functions were assessed preoperatively and postoperatively using the Connecticut Chemosensory Clinical Research Center (CCCRC) smell test. The CCCRC test includes a butanol threshold test for olfactory function and a smell identification test for olfactory memory. A special diet program was not applied to all patients.
Olfactory memory test
The CCCRC test was conducted in an odorless room under standard conditions using a commercially available smell-test kit. For both parts of the test, each nostril was tested separately by having the subject occlude the opposite nostril. There were seven olfactory stimuli (baby powder, chocolate, cinnamon, coffee, mothballs, peanut butter and soap) and It was recognized by all subjects and was not involved in the final score. Olfactory tests were conducted individually and were scored out of 7 (0: worst olfaction, 7: best olfaction).
Olfactory function test
For every trial, two glass bottles were presented to the patient. One of them contained water and the other a dilute concentration of butanol. The bottles were identical in appearance and were presented simultaneously. Subjects were asked to keep one nostril obstructed while sniffing the bottle with their other nostril. Patients were asked if there was anything other than water in the bottles. If their selection was wrong, a stronger concentration of butanol was given alongside the bottle containing only water. If the subject correctly identified the same butanol concentration five times back to back, the score was documented for that nostril. The other nostril was then tested separately, and the scores for both nostrils were averaged to get to the final score. The strongest butanol concentration (bottle 0) was 4% butanol in deionized water. Each following dilution (bottles 1-9) was a 1:3 dilution with deionized water. Possible scores ranged from 0 to 9, but all scores 7 and greater were scored as 7 by the CCCRC test. [11, 12] J o u r n a l P r e -p r o o f For the evaluation of olfactory memory and function, the CCCRC olfactory test scores measured the day before the surgery were considered as a baseline and compared with the scores 3 hours and 5 weeks after surgery.
Data analysis
Statistical analyses of the data were conducted using IBM SPSS Statistics 22 (IBM SPSS, Turkey). The data were analyzed using descriptive statistical methods (mean and standard deviation), and the Shapiro Wilks test was used to assess the normal distribution of the parameters. Student's t-test was used for the comparison of quantitative data showing the parameters of the normal distribution, and Chi-squared test was used for the comparison of the qualitative data. Repeated ANOVA tests were used to compare parametric dependent groups. Mauchly's sphericity test was used to evaluate the assumption of sphericity for the repeated data and "sphericity assumed" p-value was reported. Post-Hoc Bonferroni correction test was used to compare the differences. Results were evaluated using the 95% Confidence Intervals (CI), and the level of significance was set at p < 0.05.
Results
The study group comprised 60 consecutive patients. Thirty-three of them (55%) were male and 27 (45%) were female. The mean age was 48.18±13.88 years (range: 19-70 years). No significant difference was observed regarding age and gender between groups (p = 0.162; p = 0.795); (Tables 1 and 2 ).
Preoperative and postoperative olfactory functions were compared between and within the groups. Neither Group 1 nor Group 2 showed a significant difference within the group postoperatively (p = 0.508; p = 0.715). Postoperative three hours and first week measurements did not show any difference between the groups (p = 0.494; p = 0.431); (Table 3) .
Preoperative and postoperative olfactory memory was compared between and within the groups. There was a significant difference among the results of Group 1 (p = 0.019). A post-hoc Bonferonni was used to compare the differences. There was a significant decrease three hours after the operation (0.001). However, there was no difference between preoperative and first week results (p > 0.05). Group 2 did not show significant differences within the group postoperatively (p = 0.804). Postoperative three hours and first week measurements did not show any difference between the groups (p = 0.943; p = 0.967); (Table 4 ).
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Discussion
Olfactory memory is important for the maintenance of daily physiological functions and contributes greatly to the quality of life. [13] In this study, we investigated the effects of desflurane and sevoflurane on early postoperative olfactory memory and olfactory function in patients who underwent microlaryngeal surgery under general anesthesia.
Olfactory impulses are detected in the olfactory region of the nose. Smell molecules dissolve in the mucus on the olfactory epithelium and connect with olfactory receptor cells. In this way, chemical information from the smell molecules causes an action potential in smell receptor cells. These impulses are then carried to the bulbus olfactorius in the brain. After that, they are carried via the tractus olfactorius and stria olfactorius to the olfactory cortex. [14] Olfactory memory is found in the piriform cortex, the amygdala and entorhinal cortex. [15] Smell is the only one of the five senses that is carried directly into the cortical regions of the brain without passing through the thalamus. [19] The patient was given general anesthesia using fentanyl, propofol and sevoflurane; it was thought that the development of anosmia might originate from the direct effect of sevoflurane on the olfactory epithelium with resultant peripheral-type olfactory dysfunction. [19, 20] Various scientific studies have indicated that among general anesthetic drugs, fentanyl and propofol depressed olfactory response. [7] However, in our study we did not encounter anosmia in the postoperative period.
In the literature, limited data can be found regarding the effect of anesthetic agents and methods on olfactory memory. Several studies have shown that the popular inhalational anesthetic isoflurane may cause neurotoxicity connected with cognitive dysfunction or learning/memory impairment. Meanwhile, desflurane, another popular inhalational anesthetic, does not have these kinds of effects. On the other hand, one clinical study indicated that general anesthesia with isoflurane 1.2% has no significant effect on olfactory memory. [21] J o u r n a l P r e -p r o o f Another study with sevoflurane performed by Kostopanagiotou et al. demonstrated that sevoflurane impaired post-operative olfactory memory but olfactory function was preserved. [8] The University of Pennsylvania Smell Identification Test (UPSIT) was used in their study within the first three hours after surgery. A CCCR test was used in our study, and two different anesthetic agents were studied. In addition to their measurement, the results after the first postoperative week were also considered. Our study showed that the negative effect of sevoflurane on olfactory memory was completely resolved by the end of the first week.
Yildiz et al. analyzed the effect of desflurane 6% on postoperative olfactory memory by Brief-Smell Identification Test TM (B-SIT). [22] They found that desflurane had no effect on short-term olfactory memory. This is similar to our results regarding desflurane. In addition to their results, we added first-week data to our study and found no difference. They demonstrated that the effects of desflurane on learning and memory were age and dosedependent. [24] Those studies were performed with varying dosages on animals, but our study was performed with standard therapeutic doses on human patients. Minimum alveolar concentration was kept over 1 in our study by using sevoflurane concentration of 2% and desflurane of 6%.
The limitations of our research can be listed as a deficiency in our patient population and a lack of investigation of different doses of desflurane and sevoflurane over longer periods to determine their long-term postoperative effects.
Conclusion
Olfactory function and memory were not affected by desflurane in the early postoperative period. Although sevoflurane did not affect the olfactory functions, it had a temporary negative effect on olfactory memory in the early postoperative period. In order to make more reliable comments, further studies with larger cohorts are required.
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